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The perf ormsnce of a 25~4nch-dismeter lzmnuam-type turboJet 
canibustorwasimestigatsdwlthll ccmbustnr-basketdeeigrze at 
co&iticns E34rm17w static (zero ram) operation of the turbojet 
engine uverarenge ofaltitudesandengIns speeda. The irmes- 
tigation was conducted to de- the effect of the distiibution 
of basket-holearea anthealtitude operatiwe~I.limits of the 
engineasintpoeedbythe ccplibustor. To&3J~~ssure‘dropwas 
recordedfa eachc&ustor cmfiguratiaol. acme ofthebasket 
cmfigurations, the etffect of fuel-nozzle- spray angle and the 
effect of fuel-nozzle flow capaciw on sltitude operatimml limits 
was dets~nsd. Illusizative infarmaticmwas obtainedwithafew 
ccuibustars mcc&tn~stionefficiency, ccadbuetor-outlett83gerature 
diskibution, & fuel-manifold vapor-lock chsxacteristics. Gen- 
eral observationsueremade of sll the configmationsre~ 
tbechsracterandapp semanceoftheflaub38,theextentcrPafter- 
burning, and the dumbilitg of the baskets. 

Thereaults~~investi~tioninillcatethatthelaesu- 
f'acturer's stepped cyl.indricslbaskethsdaltitude Units between 
500Oandl2,OOOfeethigher tbrou8houtthe engine speedrange 
tbanthemmnfacturer~ssteppe8c~calbasket. Astudyc&'sys- 
kuaticasrangements of theairpassages inthewalls of the 
stepgedcylindricalba~tindicatedthathi~stsltitadeopera- 
tiomtl Umits and best ccdbustMn efficiencies were achieved when 
theairpassageswre inlxcducedgraduallysotbatthe first 
20 percent a9 total basket-hole m was achieved in about hslf 
ormore ofthebtmketlength. Vsqyi.ngtheeprag~eandflow 
capaci* of *efuelnozzlesfraa45° to80°aadfkom5 to 
7,5gbUonepeffhour,respectivelg,madeLlCtledffferenceanthe 
erlti~eopererti~llmitsof~ebthec~igurationa. 

UNCLASSIFIED 



2 EACA RM No. EaAo2 

Animesti&Mnof theperfcmmnce of turboJet engines with 
amulm-tqpe txdbuetnrs intheXACAClevela&altitu&wikl tunnel 
indicated that the ccdbustors cannot supply t&e thee energy 

- requiredfocrengiaeoperatiaaraboveal~tingaltitudef~each 
ew@- m-do CmsequentlyagenaralprogrsmtodetemZne,to 
analyte,andtoimprwe thealtitudeperformnce ofvsriousnaodels 
ofannular-type*bojetwm ccmbwtorswas institutedatthe 
clwe~labora~. !chepemfcmmmc 8 characteristic8 of 8weml 
mcnlelsae- c-s and of EACA modifications to those 
modelsbavebeendetermineilet~fe8altitudes;theccmibustars 
gemrallyperformdasdescribed inreferencel. 

lhealtitudeperf omumcec8a2S@nch-dianmteramularturbo- 
jetccmibu~withAanh~~w~c~u~flams-~orbraeket 
confl~tionswas imestigatedduring1946sndisrepmtedhmein. 
Tuoof these elwenconfQuraticmsweredesiepeilby thensum- 
f~~erandtheotherninsrepreeentBIACAmolilifl~tfaneto~ 
of the nmmfacturer*s designs. !Cbe XfACA m&fficatlans consistsd 
In redis~bu~ the &ir passages in the baskett walls so that the 
effect~tMsdesignvariable~performanc emightbe studied, 

-P-f- 8 &these elevencmfTgarationswaslIwesti~ted 
inammuer similar to thatdescribedinreference 1. The prin- 
clpslcriterionfarperfcmmsnce ineschcasewaealtitude opera- 
tiomlllmits;thatis, eachccnfiguratlonuasimwsti&edovsra 
rsngeofsImulatedaltitudesemdengWespeedstodeterminethe 
mxhmm altitude at each engine speed at which the caubustar could 
lrroauae~e~~~steanperaturerequiredbythe~binsfar 
e+ngineoperation. Cdbustcrtotdi-preseuredropuasdeterMned 
foreachconfiguratioP3. DataonthevarlatiouaP ccmbustioneffl- 
ciency with s-ted engine speed, with simulated altitude* and 
with f’uelair rstlo kad &la cm the &as temperature dletribution 
attheco&ustor outletarealso includsdfm c6&a%nspec3fic 
0onf1gllrati~. In me of thf3 basket cc&Yguratiorns, i&s sffect 
of fuel-nozzle spray angle ard the efTect aF fuel-nozzle flow 
capacityanpwfWmmcewereemmlned. lh addition, informat1otn 
cano~~flcrsr~c~ls~cscgthefuel~Old,the 
characteroftheflsmas,theextentofsfterb~,andthe 
dmablUtycrfthelnasketsicr~esented. 
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with en adJustable mU?ce, fuel (&i-F-28, -t-3), which was 
nnear~uredwithacalibrated~~ter,aadslti~ee~usi;. 
Cc&ustion+sir flow a& pressure were contmlled by remting 
valvesa3ldthetwmperattzrecrf~ccnibustianalrwasadjuetedwith 
electric and fuel-fired heaters. Aplexmnchaaibers&ascreen 
ins%aUed W the setup provided a uniform veloci~ and taqperaturs 
dis~ibutimattheinlet tothe co&u&or. 

A loqitudinal secticxl of the &umulEe c-tar and aurilisry 
ducting used ti We imesti&iau sre shown in figure 2. 

instsumsnta were located 
(1) &aibus~ inlet; 

(2) canbu~ c&let corresponding to tmbine inlet; (3) and (4) 
exhaust sectionwhere thermocoupleswere ImtaUed to checkfor 
afterburning. The arientstion af the iIls&mmts in the fom 
planesispresentedinflgme 3,smdconsticticmdetaQsare 
shown in fI.gure 4. The thermocouples and total-pressure wobes 
werelocatedata pproxlmate centers of equal areas. ChrcRml- 
slums1 thsrmocouples (supplemented by iron- -tan -- 
couples at plane l), which were connect&l to calibrated sew- 
bslsncingindicatingpotentiamsters, wereusedtomsasure 
tqperatures; c--well water -ters (CDcted to total- 
head tubes c~ wall-static-pressure taps) were photoephed ti 
record ~essureso 

Baskets 

Diagrams of the longi- half sections&air-passage 
amsngmmts of the 11 stepped-basket deal- investi&ed are 
shown in' figures 5 and 6. 2.18 basket design types are designated 
cyli~ics3 (fig. 5(a)) and conical (fig. 5(b)). The cylin- 
dricalbasketconsists essaMallyof two concenficicamulsr 
chsmbers;ths Ehd.lsfarmingthe EhRmb#rsaxeccqm3dcdefcmr 
cylindrica,l sectims connectedbglnesas~corrugatedf3pacer 
s~ipsthat~tcool.ingairparalleltotheualls of the corn-- 
bustimbasket. At each successive section, the spacers -ease 
thewidthof eachchamberbya~ t&y 3/16 inch, of which 
approxImtelyone-thirdiscrpensxea. Foradmittingairfnto 
the c&bustionchsmber,the shellsof thebasketsreperforated 
with holes that increase progressively downs&earn froan 7/32 to 
U./l6 inch in diameter (fig. 5(c)). 
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The hole S-&in the steppe& conb8l basket (fig. 5(b)) 
isthesamsasthatiatheeteppedcyl~calbeLsket;~~,the 
opsmareaateach step is slightlylarger themthatinthe cylti- 
drical bssket. me c-ction ae tills tuc baskets Is -, the 
lpain dtfY%rsnces being th8t the 8nuul8r-l3oftheconlc8l 
bssketare s/4 Inch smusr8ttheqpS~sectianthanthoee of 
the cylindsioalbaskef ($88 c-to 2; in.) and that the 
steps of the conlcalbasketare tapered. !Bebasketeu8edwere 
actual flight models. 

Sketches of the 11 air-p8ssage caofYgur8tlons tivestigat&l are 
shown In figure 6. Atotalof9modiflcatia~lsweremsdetothe 
cylMlricalba&&by blocklngrone ofholeswithIncmels&ips 
welded to the b8sbt. I!8allthemdiflc8tions, half of the first 
apen~fanaedby~c~~epacer~ip~sbloo~. Ik 
~i~ti~7dn89thec~inedasegaPbolesinthefirat 
seCtiaDW8Smsde8 pprtxbmtelyequsl tothehole areaof the first 
l?OWOfholeSinthe -edcyli9dricalb8ske~ Inllmdifica- 
tiopl8,72abili~~~afholes~eadded~ehetbirdsnd 
fourthsectionsaM.thetMrdopenstepwasf'uUyblccked. In 
ntcAification9, thethirdsectionw8s 3incheslonger thenthe 
sectim of the umnodifiedcylindricalbas?mtbetweenthefZrst 
ad. secosdrovsofholes. B.U3CWXlUl8tiVl3openSX~8l~~~S 
ofthebaaketsisehowninfigure7f~eachofthebaeket~r- 
passage a=-m==*s* 

Fuel Msnifolds 

mchofthetwo8nusl8r nham'bes of the basket w&s p-mided 
tith8fnelZUEUlifolb8dktheSEW-oldsWe?.'eUeedtbr~OUt 
this lmesti&lon. Thefuelwassuppliedtothemmlfoldetkrough 
separ8te lnletslccated at the bottcmof the combustor. Fuelwas 
inJectedthrough6Ohollow-cane, spray-typenozzles, 36 onthe 
outm?mnifolda& 24-W innermnlfold. Fuel-inJection 
~~e8Z'8ted&t~&bIlS~ hour (&t&lpreSSWediff~tid 
oflOOlb/sqin.) with845°~8n@ewereusedin811aPthe 
runsexceptinthepartorPtie imestig8tionth8tw88 cordUcte& 
with 7.5~&Llon-per-hour, 45°-spray-an@e noezles and S-gallon- 
per-hour, 45O- ed 80° -spray-anglenotsles, aswlllbenotsd. 

!Che ccanbustor imesti&ionuas canductedwithccmbu~3tion- 
airflowandcckbustm-inletalrteqperatureandpressure 

. 



!t!he TSXi8tiCIQOf CCUibUStiC3IeifiCi~ldthfUe~-sir3X?LtiO 
and siltitude w8s de- uiththecyliMxicslbasketateach 
of~es~~englneepeedsof11,OOO~12,000rpmr(nonnai 
andmilitszyratsdengtns spsed, respectively). Ihemrztat%anof 
ccQnbustioIlefficiencyl?ithaltitudeasbengine speedwasslso 
imesti&sdwlththe steppedconicaldesiguandwithmdifica- 
tion 9. 5mctirmn'l-~ssuredrapfarvariousinlet-afr 
velocities anddensitieswas establi&edfrmnozi~rtms 
witheachbadsetde~i~ 

~tiCUIof8fael-afr nLixhreintheconibustorw8sobtained 
withinthefoXLCwix3gra3lge of condZtMn~: 

Airflm.pounilspeo.ee.dL................~2 -3 
Inlet-airpressure,Wchesofmercurggage.. ...... -5-O 
Fuelflow,poWLsperhour ............. ..2OU -250 

Afterign%tionhadbeenobt83n&l, fhe ccmibmtion~tiflousnd 
the inlet-8lrtemper8-lazre~~eSsurevere set 8tthedNil?d.test 
colldit;i~xi~thefuelfloorad~tomain~c~~~on. For 
scms of the ccPlibuetioll-efficimcyrmst thefuelflowmsmxried 
overarangevithinthe ccsibustible7lmttsarAfar othersanattsm@ 
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vasmadetoobtsinfhe~~c~bulrf;or~~et~era-l;ures 
wlthtn close LImIta. Inuring the altitude-operatianal-U&t deter- 
minatk.ns,thefuelflmwas increasedtithall other corUtions 
~~c~~tuzitileithertherequiredcanbustor-autlet 

' t~mper8turer~8ew888ttain~d mthe cdustCr-outletweretture 
decreaseduith 8fturther tncre8se in fuel flow. 

Average inlet asd outlet velocities were calculated frau 
mSaSUZWd~ flOW, 83X388~ 87 
tf?NQW&ti6 8t -8 1 asd 2 fig. 2), X'8@13CtilM~. 5 fuel- "df" 

static pu2essuresl ad average 

mnIfoldpressuredifferentlaluas tahnasthe differencebetween 
~~sured~~old~essurec~ec~farelevaticnrof~ 
@ it@  t0td.W Cf9YXtWOf thelLEUdfdd8Udtbe&PeX'8@ StStiC~Sf3lllW 
8t j$hle 2 (fig. 2). 5 canibuEltionefficiencyis definedas the 
r8tioCfthe8veFaggg8s-temper8~risethr~thS cczlibustor 
to the thearetlwl ~sa?ature rise for the saw3 fuel-airratio. 
Valuesofthe theoretical-kmpera~rlsewsre obtaimdfkom 
Y%f'erenCe 2far &fus~hS~81ClWbS&~V8hS ofl8,7OOgt;u 
PCU' pound end 8 hydrogen+srbon ratio of 0.175. !C!he fuel used was 
U-F-28, Amendment 3. llhet mean tkqperature deviation is defined as 
the 8verage of the arithhic differences between the individual 
8nd8VSr8gS ehermocrouple ixilicatlcns. 

The follorring qynibols 83-e used: 

% airdencdty pbtp&Ulel,pounds~ ctdic foot 

P2 gasdensityatphne 2, potisper cubic foot 

hP cceibus~total-~seuredrog(plane1~plane2),~~s 
of=ctrry 

9 inletdymmdc~ssure~ imhes aP?nsrcury 8bsClutS 

Altitude Oper8tion8l ELmits 

!I!he results of thealtitude-operationsl-llmitdetermimtions 
for the~basgetdeslgnsarepresentedinfig~tre 9andcqpared 
infigure inplots of slnmlatedaltitude~st simulated 
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engine eped* In figure 9, the cm -cmtlet teqeratures 
obtainedateachpointwhere daOawererecc&ledsze include&o Ih 
eachplot, thealtitude apemtianalliaitsare definedbyaaurve 
tbatsepa;rates the&titMesfarwhichthe c onihstor csn grohce 
therequiredc~~r-outlet~eraturesFKlaathe~itudeswhere 
it cannot produce this tempzai~e. The alti-tiub-limit curves exe 
fairedbetuemthe&itapointsacccdAngtothetqpematam 
requiredfcmuperationoftheeaglne. 9keadairmnti~ 
~~ngalti~sasdthellmitlngal~~eat9000~farthe 
Y basketdesigas me as follows: 

Basket design 

Cyl.i33&ical 
ConicaJ. 
Moa.ification 1 
Modification2 
Moa.ification 3 
l4oaification 4 
Moaification 5 
Modification 6 
ldoaifics.tion 7 
Modification 8 
MoaifioationS 

1 

V epefla 
- far 

=ting 
altitude 

(ad 

4500-5ooo 
4500-5ooo 
4z5oo-5500 
5ooo~500 
5ooo-6ooo 
55004500 
5500&00 
5ooo-6500 
4ooo-5500 

4ooo-5500 

59,ooo 
54,000 
55,000 
56,000 

[4j 
(1) 
(1) 

59,000 
59,000 
63,000 

-0 runs were tie at engins speeds higher than 9000 rpm, 

The c~ati~ely1owaltittade lindts obfainedwiththe cad- 
cal bas3cet as cved with the cy~cal bssket are attributed 
to the decreased cross-secticfad areas 8.d. remItant higher 
velocities within the conical betsket. QI the basis of results 
tobepresentedlater intkL8 rep-t, the effectonperformme 
~using6-~~-~-hour,gO"-spray~eArel~zcleswi~the 
canicaldesi~in~~~S-~~-~-hour, 4S" spmqwm@e 
fuelnozzlesis cansiaereaasi@lific?Jmt. 

EZfeotofaxIalair-pas-e disixib~tia3. - c3cm.w insight as 
to the effect of theaxieldistrZbutianoftheairpaseages inthe 
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13lnits showninfigure I.0 fmthe ccmespondingba8ketdesigUs. 
Fran figure 10 it is CleEKt-ly evident that modific&ktlcule 7, 8, aId 9 
ha~ehi&3raltitudelimite mertheengine 8peeds eBtJx3.n 
the other configuration8 andthatmodiffcation9 ha6 the highest 
altitude lindt of all. According to figure 7, the outfla 
dAfferencebe-modificatlon9andthe other oonffgur&tlm is 
th8t in modif~oaticm 9 the first 20 peraent of the e&tie air- 
~eeage~~inthebeL~twalleoccursin63percent~thebaahet 
length a8 measured fPau the fuel-nozzle clad of the oonibuf3tor. Ip 
the other mcdTfication8 this firet 20 percent of open area OCCUTB 
in between 42 and 46 pement of the bsket length, and in the. 
origIrEklccmfYgur&ti~,2opercentof me openamaisreachedin 
only 28 ~centof the leqth. Afurtherdifferenc8innrTnldi8- 
-bution of afr pf%rsmges between modification8 7, 8, and 9 and 
~theotherconf~guratim8is thatinmdlficEttions7,8, earad 
the initial openare& i8abOutlp~c~t&Ild18achieved inthe 
first 4.5 peZ?CentOflengt;h;Wher~B illthe Other Ccrnfi@W&iiOILS 
the initial opmarea is 2 percentarmc&Inthe same length. 
Modification4hadlareraltitudelimits Wmostof the other 
COZlff@l?X3tiOn8 and it8 air-paewe di8tribUtiOIl w&s unfque in 
thatnoareawae openfor 21 percentoftheba8ketlmgthand 
that the @?W&fB8t peult af the qpen area w&8 in the &38t 58 per- 
cent ae the baalret length. 

33' the80 relation8 between e&al distribution of air pt38eages 
andaltitUde operatiolmlliMt8are @zmralie~,itappe&rstbat 
fcXrgoodtititUde Operc%tiOIl&liZUit8 thecbtip&8BBe;8S ShOUldbe 
Mtroduced slowly and regtitarly asd to the extent that 20 percent 
Ofopen~eavillbeeLchieved~half~~e~thebaeketlength. 
It&p~ethstatanyAzelflowtbatwillbeUlsed,theCcaibusf;ar 
shouldhavea zone offuel-airmixturefamrablefor cm&mtian 
andthatthi8z~ehouldbema9PtainedfOr&8long&~a8 
go88ibl8. 5s eqplazmtim seem reasmble when It ie considered 
that the wmibuetcwisrequiredto operate etablyandefflciently 
over a range of fuel-air rati08 that utilizes cmly 15 to 40 per- 
cent of the totELlalrflowfar coI&U8tion;therestof theairis 
U8edf~dilUt~~RIldprobably&Ctll&l3qUenCheS CoaabuetiOn. 

Effect of nozzle size aM spray e&L 8. -Figurellshcwsthe 
effeotanaltitudeopearati~lirnitscrfvaryfngfuel-nozeleflow 
capecityintherangefrcm5 to 7.5 @&msperhour inmodifica- 
tiOII2EUld figlW3l.2 8hoW8 the eff8Ctof~ th8 Spray&.?@.0 
fron145~ to80° inthenoezlesh~rlnga capacity of 6 gallonsper 
hour. It may be seen that for the flow capacities and spray angles 
ime8ti&ed,m&atTons %nflowcapacftyand eprayaI@eaffected 
th88ltitlld8 Ope?.'&iOlE&ll~t8 w Slightly, the Ob8ervedr8EWlts 
being barely OUtsIde eetimted erperimant&l reproducibility of 
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about 1500 feet. If an;g -&Wlld i8 IlotiCHIble ?3t &.l it i8 -&St the 
~tic3IE&l&UitOfmodifiChiOIL2 iZICre&8edEL8ndZZle fw 
CJS.~CityWaS incr8fLsed. MiBCem8 investiegstion8 of different 
fUelWZZb8 inSCS?B Of the OthermodifiC&LtionSEL@WdlCtththi8 
observation. 

The combu8tioueffic~encyvariedinthe 8ame mnuera8tbat 
fm otierannulaz caibu8tore (ccqme, for exegle, reference 1). 
An increase in altitude or a decrease fn engim 8peed r88tited in 
reduced efficiency. F~eachairflowcome8poAingtoaaimlated 

~icald&ta illustratilq theoariatianof canbustioneffi- 
ciencywLths3ml8tedalti~eaade~ 8peedaxepresentedin 

~ffgme13for the conicalbasket, the UnmodZfied cylin&icfLLkmket, 
and lnodific&tion 9. The efficiency decreaseSWithiIEr=eingtiti- 
tude, the rate of decrease be- larger 88 the cprakfonal limits 
are approached, me data Ed.80 indicate that en imprcrveaneat in 
altitude operathn8l Umits a8 a result of a design ch8nge usually 
meansan4amrovam~tntinccmbu~ionefficfencyaswell. 

!Fhe nrlaticme of cankwtion efficiency with fuel-air rat10 
areillustratedinfigme 14fcn. themmcdified cylindricalbmket. S 
~fuel-&irratfo thathasbeen foundbye~IInent&re8ukbsto 
give the teqer&ureriserequIredfor e&m opemtionis indi- 
catd oneachcmve. The nwmlmma collibustion efficiency occurred 
at fuel-air ratios of apgrozlmate3.y 0.013 end between 0.016 and 
0.017 far 8im~lated engine f3peeds of ll,OOO and 12,000 rpm, 
reaectively, at the 8-t& altitude8 indicated. 

CcmbUstor-Outlet Temperature Distribution 

Combustm-outlettmqerature dieizibution'for eachof three 
differentcamblnations of t3Wul&3den@ne 8peedanda.ltitudeaze 
pre8ented in figure8 15(a) to.l5(c) for the llnmoafiea cyliakical 
baahetand infigure W(d) to Is(f) for thexmdif'ic&timtiththe 
highest altitude limits, lnckLifQxIMon 9. me eesential difference 
between lnodificati~ 9 aad the UIE&iifiedbEMketi8 th?Stin~- 
fk&tioIl 9 the &d&SE&Xl Of 88oOndEiZ'y m dilutzon ati i8 accam- 
plishedf~~rd~~eam~thebaakett;hanitisintheunmodi- 
fied b?mket. Froma Cw8cM aE- figures ls(EL) to xi(c) with 
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figures 15(d) to 15(f), ft ia evident tInat the ehcxrter dietsnce far 
mlxlng& the -88before theyleave the ccmbuetm h&sre8dted in 
amoreune~enoutletteqerature distrTbutionformodlficetion9. 

In the following table, themmnofthelocal teqperature 
deHat1a.s B-au the average combustar-outlet temperature at each of 
anumberof oaibiaatlon8 c& t3lmul8ted.altftudeanden@ne speedie 
listed for these two cyliadricetl baskets: 

Altitude 
et) 

50,000 

55,000 

60,000 

4,000 
5,000 
8,OC’O We 

12,000 
4,000 
5,000 
6,000 
8,000 

11,000 
12,000 

4,000 
5#000 
f31m 7,ooo 
8,m 

10,ooo 
wooo 
12,000 

8A’OO 
9,000 

10,000 
wooo 
12,000 

8,m 
gaooo 

lJ-,ooo 
l2,ooo 

g,cJoo 
10,000 
aCQ0 
12,000 

Mean ten@eratwe deviation 
at CC0ibU8ti outlet, alp 
lkenodified B&sket modi- 
basket fication 9 

128 
118 

165 
200 

D D D D D D D D D D  

182 
205 
201 
202 

23.5 
197 

l58 



m 
IfACARMXo. E&i02 11 

!I!bese datf4azempresentative Of the bwnde foralltihe c0n- 
ff@WE&i- inve8t~&8d,and 8hOWth&t&t~d.titU&I t6ltQerELtUrCI 
distribution i8 bES8tWVen&te@~ wed8 Of about7000 or 
8000~andiSIQO8tlZleTenElt-the highe8tengiUS Speeds. Ihedf!.t!S 
SlSO ShW that mera-hzre distribution i8 pro@888ivOly m 
unevenaealtitude ia increasedata givenengine speed. 'phe tabu- 
lational.80 serveefurtherto ilh3bxitetbe greater outletten- 
perature dev&XtiOn8&S8OCiatedwlth basketmoddfkaAim9 &8 Can- 
pered with the unmodified cylindrical oonfigur&tfon. 

For the Conicalbasket, 869631 thermocouple8 per r&se were 
egaployed tistead of the usual four at statian 70°, 1500, 25@ aad 
330°frWLthe top of the CcadbUStCU? (Clockwi8elOOkl~Up8trHLIB. 3 
Ateach 8tation, the pOfnt8 at which ten~gerature8~ererecorded 
WW8 ~PbXXd 80a8 t0 OCCUpyCeIlter8 of eqU&fWEL. 
~CdU8tor-outbttemg~ture i8plot;tedinfi~16U@?iillStradi??Ll 
diS~C8EtteSchof these statfoaa for the conicalbasketatsimu- 
~~enginesp~8af8oooanb~,ooOrpmandanaltitudeof 
35,000 feet. lChesedataservetoillue~~thattTaopeakeappear 
ineachoutlettempemture Mmree aeareeult of the double flerae 
mulU8. . 

Tot&l-Pre88ure Drop 

A oorrelatim of combustor inlet-to-outlet total-preesure- 
drop d&t& (plrtnes lto 2, fig. 2) with the IT&id of inlet-to-outlet 
density i8 presented in figure 17 for the conioalbas~t. The oor- 
relationobtainedistgpicalofthoeeforthe llbaeketde8iepsand 
similar-to those disouesed inreference 1, &eSSU?X drop8 for the 
U basket desigm are cony&red in fw 18. There i8 no obviOU8 
003Zd&tiOZl between pl%SSUre drop snd altitude Oper&ionEi~ limit8, 
and In view of the faot that air-paewe dietribution is different 
from bB8ket to ba8kBt this lack Of COrretitim 18 not SUrpriefn@l. 
It ha8 been shown at the Cleveland laboratory in eyetematio erperi- 
ntentewitha 600 eegamntofanannular combmtorthatair-passage 
distributim, quite iudependently of preesure drop, is a principal 
factor in determining the altitude performance of a turbojet 
combustor . 

Fuel-&xuAfold Chsracterfstice 
. 

I33 thie inveeti&ion, vapm lock in the fuel maslfold 
occurred frequently a8 s. result of the highear altitudes inves- 
tigatedand the con8equentlylwfuelflw8andpre88ure8. The 
reduction in fuel flat Fran the rated or calibration value for the 
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se3ue pre88uz-e differential 8~~08s the fuel lrrnnifold i8 considered a 
good Index of the extentofvapclrlook. In figure 19, the ratio of 
meaeured fuel flow to calculated fuel flow is plotted agf3inst fuel- 
manifold pressure for v&riOUS iIiLet4ir te~er&tU1338. !%e dab 
8-8 i~U8tXBtiPe pUI'pO8e8 OIlly, 88 the 8i@ifiWIlt p&r&meters of 
fuel temperature, inlet-air preeeure# and inlet4ir velocity were 
neither held con&ant nor varied 8ystermEttically in theee run8* The 
plot indicates that the tendency of the fuel manifold to have vapor 
lock incr~sedrequLarlywithanincr~seinlnlet-air temperature 
andtithe, decrease in the pressure fnthe fuelmanifold. Inother 
word8, 8m mInImummanifold pressure must be maintained to prevent 
v&pm lock at any inlet-air temperature. 

Vapor lock engenders reduced altitude operational limit8 aJd 
reduced combuetion effioiemy and is particularly trouble8ome in 
that it produce8 very poor ccmbuetor-outlet temgerature distribu- 
tion &8 a result of uneven fuel distrfbution. 'Phi8 poor tempem- 
ture dl8Mbutim is aggravated by the fluid head in the fuel mni- 
fold. At low average fuel preseuree in the manifold, the fluid 
headwillcause evenlower than&veragepre88ure8 inthe top of 
the fuel manifold and will thus cau8e a more uneven fuel flow frozu 
the -old. 

Character of the Flame8 

DSect obsermticm of combuetion with the stepped baskets 
8hWed that the fl+Stb38 were steady and were yeI.lW m white in 
oolar at low altitudes and gradually changed to blue at high alti- 
t&38, with the blue color appearing first at the UpStim end of 
the b&8ket. Cycling CmbUSti;Io31, 8Wetime8 accompanied by uncm- 
trollable premure fluctuation8, wa8 Often observed at high Etlti- 
tudes and high fuel-air ratios. The fh1~08 0CCa8iO~d~ blew Out 
during the run8 but only at Sindated altitude8 above the opera- 
tiOXd limit8 snd with fuel-air r&t108 above thO8e re8Ul.ting in 
the maximum obtainable combustor-outlet temperature. Combustion 
in the outer anuulu8 w88 frequently intermIttent and accompanied 
by afterburnIng at altitude8 near the altitude operational litit. 
CCUB~iSOXL8 Of th0&VEW&@ m8 teItqMr&tUre8&tp~e8 3&IId4titih 
the average cambuetor-outlet ~8 iXmpCXtXtUr0 at p&Z'Le 2 are ehown 
in figure 20 for all 11 baeket designs. A previous investie;ation 
indicated that appreciable afterburning occur8 on3.y at condition8 
adverse for oabuetion, and the came tielad is observed in figure 20 
where meet of the data follow the line of 45O slope. Any evidence 
of afterburning indfcated in figure 20 18 attcributed to the rela-F 
tiveu high altitude8 &t which mb8t Of these run8 were conducted. 
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Durabilitg of Baskets 

The Stepped basket8 were deeigned to admit e alWUllt8 of 
coolingair p@alleltO the-S. !&I coolTngairwa8provided 
to improve the durability of the bmkets~ which had been sub&& to 
considerable warpage and corroeion befme the manufacturer incar- 
pcrrated the stepe. Wmge of the &teppedbasketedmingthie 
investigation wa8 confIned almost cqplntely to the area covered by 
blocking strips in v$WiOUS modification8 and to the eXtielnd.y n8ZTOW 
areasbetweenthemmeroushole~inthe dowmtreampart of %he 
basket of mcAif%zation 8. A circumferential wrinkle that developed 
in each ahell wa8 much les8 pronounoed than thoee thatweire observed 
in basket8 withOUt the 8tep COns&CtiOn. 'phe diecolor&tion of the 
bsskete wa8 Slight. The effectiveneae of the basket cooling was 
demonstratedby the failure of ap~~perlabelonthe outside of cme 
basket to burqmoetof the labelm eventmch&rredaf%er 17 hour8 
of ccunbuetian run8. 

The investigatim of the altftude perf -ce of a 25+h- 

diameter amular turbojet ccanbustor tith different bmket8 indicated 
ck?Lt: 

1.TheDB.Ulf&CtiUr~'8 8tepped CylindriCalbEL8kethadaltitUde 
limit8 between 5OOOmd12,OOO feethigher throughout the engine 
8peedr8nge thanthelKulufactur~'8 8teppedcOni~bfSket. 

2. A 8t~ldy of 8yI3telEitiC ammgaent8 ofairpaseageeinthe 
~OfthesteppedcylindricalbeLsketindicatedthathigheet 
altitude limit8wereachMvedwhenairpassage8wereintzoduced 
mduallyandtothe ertentthat20percentofthetotalopenarea 
was achieved ifnhalf m-me of the basket length. 

3. FCC a change in fuel-nozzle capacity from 5 to 7.5 @hn~ 
per hourandfora change infuel-nozzle 8prayangle frcm450 to 
8o", the variation in altitude operational limlte was mly about 
1500 feet. 

4. Cc&u&ion efficiency for a even cambustm deoreaaed with 
anincrease intititude madecrease inengine 8peed. Cm&ustion 
efficiency w&8 umally improved when altitude operatioml limits 
were increased by altering cmbustor ocmfigumtion. 

5. C~ustar-~~et~~~die~butianbecanme~ 
l.ulevenasaltitudewa8 iUCrea8edata givenengine speed. 
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Tesrpera~iliefslibntioabecamemoreerenEtsengine speedwas 
Incre&sedfromalwapeedzrp toan intern&i&e speed(8OOOrpa) 
andbecamprogreseivelymore 1 -88 th0 8p8edWaSinCIWSed to 
-. 

6. No obvious correl8tionbetmen OCanbUStOr total-preseure 
&Opand~titUde~eX'&ti~~imftSW38fOU& tiVieWOfthe 
fact that air-pasSage dietribution dIffered from baeket to basket 
fhfS &&Of ~ll%ti~i8~OtS~i8ill& 

7. The tendency of the fuel m&fold to have vapor lock 
increaeedre~4vithanincreaseininlet-air~~~ 
tithedecrease inthepreeeure inthe fuelmnifold. 

8. As altitude we8 $ncreae& at a given engine speed, the 
Coaibueticwp~8Sedreguleslyfrosr8teadyacaribu8tionvlthyellar 
orwhIteflamsatlowaltit~de8 to cycling or intemittentcapn- 
bustian with blue f&me8 frequently scccaqpanied by afterburning at 
high altitudes. 

g.Tdze a18 Of the 8teppedbaSbtS&pP9fXWd tOb Very 
effectively aooled. 

FlQhtRmpuleionReaearuhLaborebtary, 
%ttiOtld. Advi8CE'y CoPmnittee fW L&WIB?&UtiC8, 

Cleveland, C&lo. 

1. ChIlde, J. Howard, McCafferty, Riohard J., and Swine, Oakley W.: 
IWfect 09 CoWbtaetor-Inlet Canditiom an Perf ormnaeofan 
bnd.&r !FmboJet Ccmbu8t~~. RACA !l!N No. 1357, 1947. 

2. !hrner, L. Richerd, and &rd, Albert&: Tbermdymmb Charts 
forthe ccalpUCationof Ccaa3>u8ti~and&&&U?Fe %lC$E03?~tWe8at 
&XAStitRe8SUre. EMA TN Ho. 1086, 1946. 
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Figure 1. - Diagr&nmatIc sketch of general arrangement of,#test setup for 2!5&1nch-dlsmeter Mnuier- 
type turbojet combustor. 
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Figure 2. - Diagrammatic sketch of longitudinal section of 25$-inch-diameter annular-type turbojet 

combustor showing auxiliary ducting and instrumentation planes. 
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-Plane t, Plane 2, 
combustor inlet combustor outlet 

17 

Plane 4 

Plane 3 

+ Thermocouple 

0 Total-pressure tube 

It Static-pressure tap 

Figure 3. - Orientation ( looking upstream1 of temperature- and pressure- 
measuring instruments used in investigation of 255inch-diameter 
annular-type turbojet combustor. 
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Plane I 

Plane 2 

VP 

Figure 4. - 
TbermocouDles. 

Construction detai Is df’temperature- and pressure-measuring 
instruments used in investigation of 2521. inch-diameter annular-type 
turbojet combustor. 
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Plane I 

Plane 2 Plane 2 

Planes I, 2, and 3 
- 

1 bl Total-pressure tubes and static-pressure taps. 

Figure 4. - Concluded. Construct ion detai Is of temperature- and pressure- 
measuring instruments used in investigation of *inch-diameter 
annular-type turbojet combustor. 
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. 

(b) Longitudinal half section of oonloal design. 

I 00000 pooo I ioooo 1 io 0 0) I 
(cl Unmodffled designs. 

-==/ 

-Figure 5. - Diagrammatic sketch of longitudinal eectfom and section@ 
of sir-passage arrangement of outer shell of stepped basketa for 
2%inch-dlarneter annular-type turbojet combuetor. . 
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(a> Modifioation 1. 

(b) Modiffoation 2. 
I I 
Do00 :ooo 

(c) Modffioation 3. 
I I 
loo00 iooo 

(d) Modifioation 4. 

(e] Modification 5. 

(f) Modifloation.6. 

I 
foooo to00 

(g) Modification 7. 

(h) Modification $. 

I' 

I I I 

: p 000 f 000 

Ii) Modification 9. -537 

Figure 6. - Diagrammatic sketch of air-passage arrangements 
of outer shell of stepped cylindrical baskets for a 
E%intlh-diameter annular-type turbojet combustor. Hatching 
indicates blocked aream 



100 

0 

Flglll-e 

--r --r 

Mc~¶Iflcation Mc~¶Iflcation Total open area Total open area r- r- 
(sq In.) (sq In.) 

- tJnnodlfiea - tJnnodlfiea 426 426 
aesign aesign 

A- A- 
l l 

i= i= 
7 7 

0 0 2 2 4 4 6 6 8 10 12 14 16 18 
Distanoe downstream of plane of fuel nozzles, In. Distanoe downstream of plane of fuel nozzles, In. 
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7. 7. - Axial dletribution of baaket air-paeeage area for a 2%Inch-d&meter annular-type turbo- - Axial dletribution of baaket air-paeeage area for a 2%Inch-d&meter annular-type turbo- 

jet oonbustor eqslpped with etepped cylindrloal baekete. jet oonbustor eqslpped with etepped cylindrloal baekete. 
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Figure 7* - Continued. Axial distribution of be,aket air-peesage nrea for a 2~Inch-biameter 

annular-type turbojet oombuetor equipped wlth stepped oyllndrlcal baskets. 
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7* - Continued. Axial dietrlbution of basket air-parsags area for a 2 51 1 inoh-diameter 
mM.ar-type turbojet oonbustor equipped with stepped oyllndrloal barketa. 
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(d) Hodi!Xoatiorm7, 8, and 9. 
Figure 7. - Conaluded, Axial dletributlon of baakct air-pasaage arm ror a 2$&noh-Uamctep 

annular-type turboJet oombuetor equipped with stepped oyllndrloa f baekete. 
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(a) Combustor-inlet total temperature. 

Englns aped, m m  
(b) Combuetor-inlet total prelraure. 

Figure 8. - Variation of combustor operating conditions with engine speed for various 
altitudes at zero ram from perfomanoe estimatea of the engine by the msnufaoturer. 
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re 8. - Concluded. Variation of aombustor operating conditions vith engine apeed 
or Various altltudee at zero ram from performenoe estlmatea of the engine by the 

menufacturer. 
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taperature not attainab 

Altitude operational lfmit 

(a) Unmodified cylindrical basket. 
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4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 
Mmulated engine speed, rpn 

(b) Unmodified conical basket. 
Figure 9. - Results of altitude-operational-limit determination of a 

25$-inch-diameter annular-type turbojet combustor equipped with 
stepped baskets. Numbers refer to conbustor-outlet temperstllres (Or). 

. 
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(c) Modification 1. 
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(d) Modification 2. 

,000 ,000 5,000 5,000 6,000 6,000 7,000 7,000 8,000 8,000 9,000 10,000 11,000 12,000 9,000 10,000 11,000 12,000 
Simulated engine speed, rgm 

(e) BGodification 3. 
Figure 9. - Continued. Results of sltitude-operational-limit determfnation 

annular-type turbojet combustor equipped with 
Mumbere refer to combustor-outlet temperature8 (op). 
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(f) Modification 4. 
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(g) Modification 5. 
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Simulated engine speed, rpm 

(h) Modif'lcatlon 6. 
Figure 9. - Continued. Results of altitude-operational-limit determination 

of a. o ,5$-inch-diameter annular-type turbojet combuetor equipped with 
stepped basketa. Number8 refer to combust.or-outlet temperatures (OF). 
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Simulated engine Speed, rpm 

(k) Modification 9. 
Figure 9. - Concluded. Results of ~titude-operational-limit determination 

or a 25.$-inch-diameter annular-type turbojet combustor equipped with 

stepped baskets. Numbers refer to combustor-outlet temperatures (OF). 
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IglAre 10. - Comparison of altitude operational limits for modified steppe 
baskets in a 2 1 

v 
fnoh-diameter annular-type turbojet combuetor with llmi 

for unnodlfled stepped oyllndrfoal and conical baskets. 
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' ' ' ' ' ' 
(a) Flcm capacity, 5 gallons per hou-. 

Plpm ll 

* (c) Florr capacity, 7.5 gallons psr hour. 

i i i i i i i i.i i i t t t t t 
4.cmo 6.wo 6.ooo lO.um 12.WX 

I  

Slnulatad engics apssd, rpm 
(d) Plas oapacity: '6 gallons per hour (Inner fmwlua); 

7.5 ~alloru per hour (outer anmlus). 
. - Effect of flow capacity of.fusl mmrles on altitude operational llmlto for . 2+lnch- 

dfunater annular-type tt lrboJet conibll.¶tor. YodificatLoa 2; spray angle, 45O. 
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(a) Spray angle, 49. 
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Simulated engine apeed, rpm 
(b) Spray angle, 60'. 

Figure 12. - Effect of apray angle of fuel n?ZS18S on altitude operational limit8 Par a 2S&ln&- 
diameter annular-type turbojet combuntor. Modification 2; flow capacity,6 gallons per hour. 

. 



NACA RF.4 MO. E8A02 33 

(a) Blow capaalty, 5 gallona per hour. 

~0,~ 

=,m 

40,000 

30,000 

* (c) Flaw cqacity, 7.5 gallons per hour. 
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0 Reqtiirad ccmbuator-autlst 
tanperature not attainsbls 
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iimulatod engine-apeed. rpln 
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?zffact of rlos capacity of.iuel mrzles on altitude operatimal llmlts for a +inch- Figure Il. - 

diameter annular-type turbujst con;bllstor* YodiPicatfun 2; spray angle, 45". 
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Figure 12. - Effect of apray angle of Puel nozzlea on altitude operational l imits for a &-inch- 
diameter annular-type turbojet combustir. Modilioatfon 2; flow capacity,6 gallons per hour. 
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(b) Cylindrical basket (unmodified). 
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(c) ModFfiCation 9. 

Pigure 13. - Varlattin or oonbuetlon efficlenc~ with almlntad altttude and engine apee& for 
a 2+mhdlametsr annular-type turboJet conbustor with stepped bask&e. 
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(b) Engine apeed, 12,~ Wm. 
,gure 14. - Variation of combuetion efficiency with fuel-air ratio for 9 
2%inoh-diameter annular-type turbojet combuetor equipped with stepped 
baeket of oylindrioal deelgn (unmodified). 
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(a) thmodlliad baakat. Shilotod altltuds, 35,000 fast; slimlotad an&M 
npsod, 5000 rim. 

Fly~s 16. - Tempo~rtura diatsributim at owabuator outlat (looking WtF-) hi+ 
atopped cylin&ie~J ballot. Y 



(b) Umwtifiod basket. Similetad altitude, 45,000 feet; almulatsd sngino 
spsad. 11,000 rp. 

Fi& 18. - Continued. Tamperaeure dletributhn at COmbUstOr outlet (looking 
upatrsaml for atmppad c~llndrlcal beaker. 
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(0) Vnmodlfled baskat. Shulated altitude, 65,000 feat1 simulated engine 
spend, 11,WO rp. 

PQura le. - Oontinusd. Temperatwe dlstributlon at oombuator outlet (looking 
upstrsm) Pea stsppsd oylindrlcal basket. 
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(d) Madiliostion 9. Simulated altitude, 86,ODO feet; slmulrtad engina 
spasd,SOW pm. 

Pi@-e 16. - Continued. Taqmratlua dlstrlbution at mmbustor cutlet (looking 
IIPU’O~) far stapped c~lindrioal bmaket. 
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(0) Modlrloatlon B. Simulated altitude, 46,OOC fact; rtiulated myiru 
speed, 11,OW rpn. 

Figure 18. - Contlnuod. Tmparatwe diutrlbutlm mt cmbultor outlot (looking 
upstrsm) for stepped oylin&lcal baakat. 
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(f) j4odlPication 8. Shimtad rltltude, 56,CC’J feet; olmulazod en&m 
speed, 11.000 rplll. 

Figma 15. - Concludad. Tompcratwe diatrlbution at aambuator outlet (lmklng 
upstrssml I-OF rtoppsd a~lindriorl baskat. 
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ial ammoe rrom 
oombustor 3 

olo&i’e, looking upetream) 

Pletafl0e iron outer wall, In. 
(a) Simulated engine epeed, 8000 rpm. 

Figure 16. - Radial temperature traverse8 at combuetor outlet (plane 2, I’ig. 2) in four olroumfgrgn- 

thl pOEitiOn0 with eimulated altitude Of 35,000 feet for a 2+nOh-diamtOr annular-type 

turboJet oombuator equipped vith stepped oonioal basket. 
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Figure 16. - Concluded. Redlal temperature traverses at wmbustor outlet (plane 2, fig. 2) In ” 

four clraumferential posltlona vith eimulated altitude of 35,000 feet for a 2$-inoh-diameter 
Annular-type turboJet oombustor equipped with stepped conical basket. i Pa 
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Inlet-to-outlet density mti0, P-JQ 
Figure 17. - Oorrelation of oombustor total-pressure &op with inlet-to-outlet Mneity ratio 

(planes 1 to 2, fig. 2) for a 2%inoh-Uameter annular-type turbojet combuetor equipped 
with stepped conloal. basket. 
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Flgrtrs 18. - Total-pressure drop ior stepped cylindrical basket and modlflcatlons and ior etepped 
oonlcal bseket In a 2%lneh-dlameter annular-type turboJet combuetor. 
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Figure 19. - Variation of manured-to-calouhted fuel.-rlow ratio with fuel-manifold preseure for 
various Inlet-air temparatu& in a 2$-inoh-diamstsr annular-type turbofet oombuator equipped 
with stepped baketee 
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Conbuator-outlet gas tonpma.turs at plane 2, OF 
(a) Plane 3. (b) Plane k. 

Pigum 20. - Coapari~~n of ammge gas tm 
E 

e2gtwe at pl,mea 3 and Keith average coabustor-outlet gas 
t8epsraturs at plans 2 (fig. 2) ior a 2~inoh-dianst8r bnnular-typpe turboJet wmbustor OqulpPsd with 
stepped baskets. 
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